Statistical model calculations, employing optical model transmission coefficients for particle emission, have been able to describe in a satisfactory way n, p, d, t, and a emission properties of compound nuclei at excitation energies below 100 MeV. Recent experimental data have shown that the same model systematically overpredicts the deuteron and triton yields observed at higher excitation energies up to 405
I. INTRODUCTION A number of heavy-ion physics studies have been devoted [1] . Particle decay information, such as the energy distributions of the evaporated particles from the compound nucleus, is related to the properties of the emitting source. This information combined with the predictions of the statistical model has shown interesting properties of the nuclear matter, such as the reduction of the level density constant at high excitation energies [1, 3, 4] .
Chbihi et al. [2, 3] recently studied the evaporation spectra of equilibrium sources produced in the reaction 701-MeV Si+ ' Mo. They used two di8'erent methods to extract the level density constant at high excitation. It was found that, in order to reproduce the slopes of the light particle spectra, the level density constant of the excited nuclei must have a value of A/10 -A/11 at temperatures of 3.5 -5.5 MeV; a conclusion also reached by other authors [4] . These results were based on statistical model calculations which presumed that the only parameter adjustment required to describe the data is the level density constant. However, statistical model calculations with a reduced level density constant lead to an overprediction (in some cases, by a factor of 2 or more) of the experimental deuteron and triton multiplicities. It was suggested that a more complicated parameter adjustment may be required to treat the decay of these highly excited nuclei. The present work follows up on this suggestion in order to obtain a consistent statistical model description of the data presented in Refs. [2, 3] .
In the statistical model, the decay of an excited nucleus is determined by two factors: the level density of the populated nuclei and the appropriate transmission coefficients. The transmission coefficient for particle emission is related through the principle of detailed balance, to the one of the inverse process, namely, the capture of the particle by the excited daughter nucleus [5, 6] . A commonly used set of transmission coefficients is the one describing the absorption of the incident particle by the target in the optical model [6] .
Alexander, Magda, and Landowne [7] recently reviewed the logical basis of using optical model (OM) transmission coefficients (Tt ) in statistical model calculations. A comparison of the OM TI's was made with the ones derived from an ingoing-wave boundary-condition (IWBC) calculation [8] . The latter Tt's give the transmission probability through a real potential barrier. It was pointed out that processes like transparency, shape resonances, or peripheral absorption are normally present in the OM T&'s. Such processes should not be included in a model describing the absorption of a particle by a nucleus, if one wishes to describe the process of particle emission with the same set of TI's. Alexander, Magda, and Landowne [7] suggested that simple barrier penetration T& s may be more appropriate for use in statistical model calculations.
In connection with the above-mentioned deuteron multiplicity problem, another observation came from analyses of deuteron-induced reaction data. In a recent study, West, Lanier, and Mustafa [9] [10] were able to de- scribe the above data using fusion cross sections from the direct-reaction approach to fusion (DRAF) method of Udagawa, Kim, and Tamura [12] . In Chbihi et al. [2, 3] .
Motivated by these observations, we examine the excitation energy dependence of particle multiplicities of Ref.
[ [14] . (A discussion of these errors can be found in Ref. [13] . ) with a linear momentum reconstruction. Neutron, proton, deuteron, triton, and alpha particle spectra corresponding to these bins were analyzed using three-source Maxwellian fits to extract the evaporative, intermediate, and projectile-like source multiplicities. It was found that the above reaction proceeds mainly through incomplete fusion channels producing highly excited evaporation sources with 100~E* 405 MeV. The evaporation n, p, d, t, and a energy spectra were analyzed and the level density constant was extracted [3] . The slopes of the spectra implied a level density parameter of 3 /10. 0 -2/11. 0 for the highest excitation energy bins. Due to the high excitation energies involved, changes in the critical angular momentum for fusion do not greatly affect the calculated relative particle emission yields. Therefore, the only control we used previously over the predicted relative particle yields was the level density parameter. However, another important factor that determines particle emission is the transmission coefficients.
The effect of different models for transmission coefficients in our calculations is examined in the following two sections.
III. TRANSMISSION COEFFICIENTS IN THE IWBC MODEL
In the statistical model, transmission coefficients for particle emission are related through the principle of detailed balance [5, 6] to those of the inverse process, i.e. , particle capture by the daughter nucleus. A commonly used set of transmission coefficients is the one describing the absorption of the incident particle by the target in the optical model [6] . Alexander [18] . The role of the imaginary parts was replaced by the ingoing-wave boundary condition inside the barrier [7] . Fig. 2(b) Fig. 2(a) . The overall agreement with the data is improved. The calculation tends to reproduce better the alpha particle and, to a lesser extent, the deuteron and triton multiplicities. [10] further showed that one can successfully explain these data using a o f", value obtained from the DRAF method.
In an attempt to systematize the method, Mastroleo, Udagawa, and Mustafa [11] recently presented an analysis which shows a complete description of particle cross sections in d+ Nb reactions. Fig. 2(c) of Table III .
The consistency of the employed deuteron fusion radius parameter with the published analysis of fusion cross sections strengthens our confidence in the method. The lack of experimental data and a similar analysis of triton-induced reactions prevents us from substantiating the fitted fusion radius parameter for tritons (rF, =1. The basic parameter in the DRAF approach is the fusion radius parameter r~. Application of this method to heavy-ion fusion data [12] has been shown that excitation functions can be reproduced quite well, both below and above the Coulomb barrier, with r+=1.4 fm. The study of the Cr(d, 2n) Mn of Mustafa, Tamura, and Udagawa [10] Experimental evidence for such a decrease has been given (see references cited in [1, 3, 4] ).
The use of a level density parameter independent of the excitation energy in the previous calculations provided a simplified description of the decay process. In order to make a more realistic treatment, we introduced a temperature-dependent level density parameter a =A/k(T), where
This temperature dependence is based on the parametrization of Ormand et al. [28] and accounts for an inclusion of thermal and quantal fluctuations on a low-temperature level density constant k(0). Choosing k(0)=8.0 in Eq. (7) brings consistency with the level density constants extracted from the analysis of the evaporative spectra of Ref. [3] . The transmission coefficient set of the previous section combined with the k (T) parametrization of Eq. (7) leads to an improved description of the data of the present study. Figure 4 shows the results of this calculation for the excitation energy dependence of the particle multiplicities. A good agreement is obtained in the reproduction of the data throughout the considered excitation energy range. In particular, the alpha particle multiplicities are better reproduced [cf., Fig. 2(c), solid line] .
The same calculation reproduces the slopes of the energy spectra for each type of emitted particle in the above excitation energy range. In Fig. 5 , the histograms show the calculated proton, alpha, deuteron, and triton energy spectra in the center-of-mass system. The spectra have been displaced on the vertical axis for pictorial reasons. [3] . The calculated slopes are consistent with the experimental ones. %hen OM transmission coefficients are used for deuterons and tritons, the calculated spectra are softer than those obtained from the DRAF method (Fig. 5) . This difference is related to the fact that the DRAF TI's do not exhaust the unitarity limit as implied by the discussion of Fig. 3 to be noted that the temperature factor of T/3 in the denominator of Eq. (7) was based on calculations [27, 28] on Pb. This is expected to depend weakly on the nuclear mass. Our statistical model calculations seem to be insensitive in variations from T/3 to T/4 in Eq. (7) . A weak temperature dependence in k is needed in order to describe the experimental data of the present study. Calculations of the temperature variation of k in the mass A = 160 region by Hasse and Schuck [26] are consistent with such a weak temperature dependence.
VI. SUMMARY
In the present work, we applied an extended version of a statistical model code to the description of particle emission properties of compound nuclei in a wide range of excitation energies. On the basis of agreement with available data, different penetrability models for particle emission were tested. Particular attention was paid to the case of deuteron and triton evaporation. We believe that systematic studies of deuteron-and triton-induced reactions are needed in order to extract and systematize the fusion radii. This may provide valuable information for parameters to be used in the description of statistical deuteron and triton emission from highly excited nuclei.
